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Recently, it has been shown that rocky planets orbiting neutron stars can be habit-
able under non unrealistic circumstances. If a distant, pointlike source of visible light
such as a Sun-like main sequence star or the gravitationally lensed accretion disk of a
supermassive black hole is present as well, possible temporal variations ∆εp (t) of the
planet’s axial tilt εp to the ecliptic plane should be included in the overall habitability
budget since the obliquity determines the insolation at a given latitude on a body’ s sur-
face. I point out that, for rather generic initial spin-orbit initial configurations, general
relativistic and classical spin variations induced by the post-Newtonian de Sitter and
Lense-Thirring components of the field of the host neutron star and by its pull to the
planetary oblateness Jp2 may induce huge and very fast variations of εp which would
likely have an impact on the habitability of such worlds. In particular, for a planet’s
distance of, say, 0.005 au from a 1.4 M neutron star corresponding to an orbital period
Pb = 0.109 d, obliquity shifts ∆εp as large as εmaxp − ε
min
p ' 50
◦ − 100◦ over character-
istic timescales as short as 10 d (Jp2) to 3 Myr (Lense-Thirring) may occur for arbitrary
orientations of the orbital and spin angular momenta L, Sns, Sp of the planet-neutron
star system. In view of this feature of their spins, I dub such hypothetical planets as
“nethotrons".
Unified Astronomy Thesaurus concepts: Exoplanets (498); Astrobiology (74); Neutron
stars(1108); Gravitation (661); General relativity (641); Oblateness(1143)
I will consider a novel type of extrasolar habitat potentially capable to sustain life whose
existence, although still speculative, may not be deemed as unrealistic. It is a restricted two-body
system S made of an Earth (or, better, a super-Earth)-like planet p in a relatively close orbit about
a neutron star ns. In turn, S orbits an external, distant pointlike source S of electromagnetic
radiation whose distance and luminosity can be adjusted in order to have an overall p’s irradiation
from both S and ns compatible with life on it. In particular, S should provide the required amount
of visible light lacking from the output of ns which, in combination with the characteristics of
the planetary atmosphere, would essentially assure the presence of liquid water and a moderate
temperature on p for a sufficiently long time (Patruno & Kama 2017). I propose to name such a
putative planet “nethotron", from the union of the verb νήθω (n ´̄ethō), meaning “I spin", and of
the suffix –τρον (–tron), which forms instrument nouns. My suggestion is due to the fact that, as I
will show, the tilt εp of the planetary spin angular momentum Sp to the plane of the orbital motion
of S about S, defined from
cos εp = Ŝp · Ŵ, (1)
where W is the orbital angular momentum of S around S, undergoes huge and fast temporal
variations due, among other things, also to the General Theory of Relativity (GTR) (Barker &
O’Connell 1975; Poisson & Will 2014). They are independent of the certain peculiar p’s own
physical and orbital properties like radius Rp, quadrupole mass moment J
p
2 , spin S p, etc., which,
in turn, induce further, generally faster, changes in εp (Barker & O’Connell 1975; Correia et al.
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2011). Such a distinctive feature of εp can be quite relevant for life.
Actually, a handful of rocky planets in relatively close orbits ' 0.2 − 0.5 au wide around
the millisecond pulsar PSR B1257+12 were discovered (Wolszczan & Frail 1992; Wolszczan
1994), while a Jupiter-sized chtonian1 body made of carbon and oxygen was found orbiting the
millisecond pulsar PSR J1719-1438 at just 0.004 au from it (Bailes et al. 2011). In fact, according
to Patruno & Kama (2017), most neutron stars may host a wide variety of planetary systems, not
yet discovered mainly because of observational biases. It was recently shown (Patruno & Kama
2017) that pulsar planets, despite the fierce radiation environment in which they are immersed,
can be habitable under certain, not unrealistic assumptions about the mass of their atmosphere,
the presence or not of a magnetic field, the X-ray irradiation and the relativistic wind from the
pulsar. In particular, the two super-Earths orbiting PSR B1257+12 may be habitable, depending
on still poorly constrained aspects of the pulsar wind (Patruno & Kama 2017). A neutron star
habitable zone, based on the presence of liquid water and retention of an atmosphere, was defined
by Patruno & Kama (2017) and depicted in their Fig. 5, as an allowed region in a plot having the
pulsar’s luminosity (X-ray plus wind) on the vertical axis and the orbital distance, ranging from
0.001 au to 10 au, on the horizontal axis. It should be stressed that the findings by Patruno &
Kama (2017) were obtained for an isolated host neutron star; thus, they should likely be revised in
presence of a possible external source S of solar-type irradiation at the right distance.
As far as the latter is concerned, it could be, e.g., an ordinary Sun-like main sequence star at,
say, about 1 au from S or so; I dub such a scenario as circumstellar nethotron (CSN). By noting
that the effects of the star’s irradiation would sum up with those by the host neutron star itself, it
may turn out that its spectral class and distance might be different from those of the Sun-Earth
case. Despite the companions of the binary pulsars hosting main sequence stars (Wex 1998)
discovered so far are much more massive than the Sun, it is plausible that binaries made of a
neutron star and a Sun-type star exist, e.g., in globular clusters due to exchange interactions in the
core and in the Galactic field as regular outcome of the evolution of binaries made of an initially
massive star (M? & 8 − 10 M) and a Sun-like one. The number of binaries made of a neutron
stars and a Sun-like main sequence star should be easily evaluated by population synthesis2.
On the other hand, S could even be the lensed image of the accretion disk around a
supermassive black hole (SMBH) at such a distance that it would look like the Sun as viewed
from the Earth (Schnittman 2019); in this context, I use the denomination of circumnigricon
nethotron (CNN), from the adjective “niger" meaning “black". It should be recalled that the
existence of a large number of neutron stars in the neighbourhood of, e.g., the SMBH in Sgr A∗
at the Galactic Center was hypothesized long ago (Morris & Serabyn 1996; Genzel, Eisenhauer
& Gillessen 2010; Kim & Davies 2018), and their search is currently actively pursued (Cordes
& Lazio 1997; Rajwade, Lorimer & Anderson 2017; Cushey, Majid & Prince 2017; Bower et al.
1For such a definition, see Hébrard et al. (2004).
2K. Postnov, private communication.
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2019). Moreover, it was recently shown that a large number of (starless) potentially habitable
Earth-sized planets, dubbed “blanets" by their proponents, can form in SMBHs’ accretion disks
(Wada, Tsukamoto & Kokubo 2019, 2021b,a).
In summary, a CSN or CNN, in addition to the energy output from its host neutron star, would
receive an additional amount of electromagnetic radiation from S which may be comparable,
to some extent, to that of the Earth from the Sun. Among the several parameters which pose
constraints on the long-term habitability of a world, the obliquity εp is one of the most important
ones since it determines the irradiation on the planetary surface at a given latitude (Spiegel, Menou
& Scharf 2009). Large and fast temporal variations
∆εp  εp(t) − ε0p (2)
of εp with respect to some reference value ε0p at epoch are generally believed to be detrimental to
sustaining life and civilizations, although, under certain circumstances, they can help in avoiding
snowball states by pushing the outer limit of the habitable zone outward; see, e.g., Armstrong
et al. (2014); Deitrick et al. (2018). Be that as it may, such an effect must be taken into account
in establishing the overall habitability conditions on a planet. I will show that the spin axis Ŝp of
a nethotron may experience wild variations ∆εp with respect to the ecliptic plane of S over very
short timescales directly induced, among other things, by the post-Newtonian (pN) gravitoelectric
(Schwarzschild) and gravitomagnetic (Lense-Thirring) components of the field of ns. Depending
on the size of the quadrupole mass moment Jp2 of the nethotron, a further spin rate of classical
origin is present as well. The resulting variations are, in general, much faster than the pN ones,
and do not cancel them.
The paper is organized as follows. In Section 1, I present the model which I use in Section 2
for numerically calculating the shifts ∆εp (t) by varying the initial spin-orbit configuration.
Section 3 summarizes my finding and offers my conclusions.
1. The spin precession model
Here, I describe the coupled averaged equations, in vectorial form, for the rates of change of
the spin angular momenta Sp, Sns of p and ns, respectively, of the orbital angular momenta L, W
of the astrocentric motion about ns and of S about S, respectively, and of the Laplace-Runge-Lenz
vector e of the planet-neutron star orbital motion within S retrieved from Barker & O’Connell
(1975); Correia et al. (2011). In particular, I include
1. pN two-body de Sitter rate of the spin angular momentum Sp of p due to the masses Mns and
Mp of ns and p (Barker & O’Connell 1975, Eq. (44) with Eq. (45))
2. pN Lense-Thirring rate of the spin angular momentum Sp of p due to the spin angular
momentum Sns of ns (Barker & O’Connell 1975, Eq. (44) with Eq. (46))
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3. Newtonian rate of the spin angular momentum Sp of p due to the pull of the mass Mns of ns
on the quadrupole mass moment Jp2 of p (Barker & O’Connell 1975, Eq. (44) with Eq. (47))
or (Correia et al. 2011, Eqs. (10)-(11))
4. Newtonian rate of the spin angular momentum Sp of p due to the pull of the distant mass MS
of S on the quadrupole mass moment Jp2 of p (Correia et al. 2011, Eq. (10) with Eq. (12))
5. Newtonian two-body rate of the orbital angular momentum L due to the quadrupole mass
moment Jns2 of ns (Barker & O’Connell 1975, Eq. (64) with Eq. (72))
6. Newtonian two-body rate of the orbital angular momentum L due to the quadrupole mass
moment Jp2 of p (Barker & O’Connell 1975, Eq. (64) with Eq. (71))
7. Newtonian rate of the orbital angular momentum L due to the torque by the distant mass MS
of S (Correia et al. 2011, Eq. (7) with Eq.(13))
8. pN two-body Lense-Thirring rate of the orbital angular momentum L due to the spin angular
momentum Sns of ns (Barker & O’Connell 1975, Eq. (64) with Eq. (69))
9. pN two-body Lense-Thirring rate of the orbital angular momentum L due to the spin angular
momentum Sp of p (Barker & O’Connell 1975, Eq. (64) with Eq. (68))
10. pN two-body rate à la Stern-Gerlach of the orbital angular momentum L due to both the spin
angular momenta Sp, Sns of p and ns (Barker & O’Connell 1975, Eq. (64) with Eq. (70))
11. pN two-body de Sitter rate of the spin angular momentum Sns of ns due to the masses Mns
and Mp of ns and p (Barker & O’Connell 1975, Eq. (44) with Eq. (45) and (1)(2))
12. pN Lense-Thirring rate of the spin angular momentum Sns of ns due to the spin angular
momentum Sp of p (Barker & O’Connell 1975, Eq. (44) with Eq. (46) and (1)(2))
13. Newtonian rate of the spin angular momentum Sns of ns due to the pull of the mass Mp of p
on the quadrupole mass moment Jns2 of ns (Barker & O’Connell 1975, Eq. (44) with Eq. (47)
and (1)(2)) or (Correia et al. 2011, Eqs. (10)-(11))
14. Newtonian rate of the spin angular momentum Sns of ns due to the pull of the distant mass
MS of S on the quadrupole mass moment Jns2 of ns (Correia et al. 2011, Eq. (10) with
Eq. (12))
15. Newtonian rate of the orbital angular momentum W of S due to the torques exerted by the
distant mass MS coupled to the masses Mp, Mns of p and ns and to their quadrupole mass
moments as well Jp2 , J
s
2 (Correia et al. 2011, Eq. (8) with Eqs.(12)-(13)).
16. Newtonian rate of the Laplace-Runge-Lenz vector e of the astrocentric orbital motion of
p due to the torques exerted by the distant mass MS and by the quadrupole mass moments
Jp2 , J
s
2 of p and ns (Correia et al. 2011, Eq. (9) with Eq.(11) and Eq.(13)).
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17. pN rate of the Laplace-Runge-Lenz vector e of the astrocentric orbital motion of p due to
the gravitoelectric and gravitomagnetic pN components of the fields of p and ns (Barker &
O’Connell 1975, Eq. (65) with Eqs.(67)-(70))
For the sake of a meaningful comparison with Barker & O’Connell (1975), the body (1) is
identified with, say, p and the body (2) is ns. Moreover, the dimensionful quadrupolar parameter
∆I( j), j = 1, 2 of Barker & O’Connell (1975) corresponds to J j2 M j R
2
j for p and ns, respectively.
Thus, the correspondences ~n(1) → Ŝp, ~n(2) → Ŝns, ~n → L̂ hold. As far as Correia et al. (2011)
is concerned, the correspondences for vectors and versors are G1 → L, G2 → W, L0 → Sns,
L1 → Sp, k̂1 → L̂, k̂2 → Ŵ, ŝ0 → Ŝns, and ŝ1 → Ŝp. Furthermore, the correspondences for the
suffixes of masses, radii, quadrupole mass moments, etc., are 0→ ns, 1→ p, 2→ S.
2. Numerically produced time series for ∆εp
Here, I numerically integrate the coupled equations of Section 1 for chosen values of the
relevant physical and orbital parameters of p, ns, S in, say, a CSN scenario and by varying the
initial spin-orbit configuration in order to account for possible different formation and evolution
channels of nethotrons. The goal of my analysis is not designing any accurate test of pN gravity;
instead, it aims at preliminarily investigating if obliquity variations whose amplitudes may be
significant for the nethotron’s ability to sustain life occur within relatively short timescales
for rather general initial spin-orbit configurations. Indeed, in view of our currently poor and
debated knowledge of the formation and evolution channels of planets around neutron stars
(Podsiadlowski 1995; Greaves & Holland 2000; Wolszczan 2006; Wang 2014), it would be
unnecessarily restrictive limiting just to some specific orientation of the three angular momenta
within S.
I adopt a prototypical neutron star with mass and equatorial radius Mns = 1.4 M, Rns =
11 km, respectively (Silva et al. 2021). For its spin frequency νns, dimensional rotational
quadrupole moment Qns and moment of inertia Ins, I rely upon the recently measured values for
the isolated millisecond pulsar PSR J0030+0451 (Silva et al. 2021). The (negative) dimensional





For its value, following the recent results by Silva et al. (2021), I assume
|Qns| ' 1.5 × 1036 kg m2, (4)
while for the neutron star’s moment of inertia Ins I use (Silva et al. 2021)
Ins ' 1.6 × 1038 kg m2. (5)
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For, say (Silva et al. 2021)
νns = 200 Hz (6)
corresponding to a spinning period of about
Pns ' 5 ms, (7)
the neutron star’s spin angular momentum is
S ns = Ins 2πνns ' 2 × 1041 J s. (8)
About the nethotron, it is likely that it should be more massive than our planet in order to keep
a sufficiently huge atmosphere in order to mitigate the erosion caused by the harsh radiation from
the host neutron star (Patruno & Kama 2017). Given the present uncertainties in the characteristic
physical parameters of super-Earth planets (Haghighipour 2013, 2015), for the sake of simplicity,
I model the nethotron as a body with the same mass Mp, radius Rp, dimensionless quadrupole
mass moment Jp2 and spin angular momentum S p of Earth.
I assume a Sun-like main sequence star at 1 au from S as distant source S of visible light.
The initial conditions used in the runs are listed in Table 1: they correspond to arbitrary initial
spin-orbit configurations for Sns, Sp, L. In particular, their unit vectors at the initial epoch t0 were
parameterized as










Ŝ nsz (t0) = cos ε
0
ns, (11)
Ŝ px (t0) = sin ε0p cosα
0
p, (12)
Ŝ py (t0) = sin ε0p sinα
0
p, (13)
Ŝ pz (t0) = cos ε0p, (14)
L̂x (t0) = sin I0 sin Ω0, (15)
L̂y (t0) = − sin I0 cos Ω0, (16)
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L̂z (t0) = cos I0, (17)
Ŵx (t0) = 0, (18)
Ŵy (t0) = 0, (19)
Ŵz (t0) = 1, (20)
where ε0ns, α
0
ns are the initial values of the obliquity to and of the azimuthal angle in the ecliptic
plane of Ŝns, ε0p, α0p are the initial values of the obliquity to and of the azimuthal angle in the
ecliptic plane of Ŝp, while I0, Ω0 are the initial values of the inclination and of the longitude of the
ascending node of the nethotron’s astrocentric orbital plane with respect to the ecliptic one. Note
that the azimuthal angle Ξ of L̂ is
Ξ = Ω − 90◦. (21)
I choose a close circular (e = 0.0) orbit corresponding to the lowest value of the semimajor axis
a in the habitable zone of Fig. 5 in Patruno & Kama (2017), i.e. a = 0.005 au; thus, the orbital
period amounts to
Pb = 2.6 hr = 0.109 d. (22)
The time series for the variation of the obliquity with respect to its initial value ∆εp (t) displayed






from the solutions for Ŝp and Ŵ. The reference {x, y} plane is the ecliptic plane at the initial
epoch; cfr with Equations (18)-(20).
Figure 1 displays the numerically produced pN de Sitter-only obliquity variations ∆εp of an
Earth-like nethotron over ∆t = 1.4 cty induced by a neutron star with mass Mns = 1.4 M; both p
Table 1: Initial conditions used in Figures 1 to 4. Each row corresponds to the plotted times series
with the same roman numeral in the legend of each figure. Recall that the azimuthal angle of L̂ is
Ξ = Ω − 90◦.





I) 0.109 0.005 0.0 60 0 180 300 150 120
II) 0.109 0.005 0.0 30 60 150 240 180 300
III) 0.109 0.005 0.0 150 120 60 180 90 240
IV) 0.109 0.005 0.0 120 180 90 120 60 0
V) 0.109 0.005 0.0 90 240 120 60 30 180
VI) 0.109 0.005 0.0 180 300 30 0 120 60
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and ns are assumed non-spinning and spherically symmetric. The time series were obtained from
the initial conditions of Table 1 by numerically integrating only Eq. (44) with Eq. (45) by Barker
& O’Connell (1975) for the nethotron’s spin Sp; the gravitoelectric static component of the pN
field of a non-rotating body does not affect L. It turns out that the characteristic time scale of all
the signatures is T ' 0.7 cty, while their peak-to-peak amplitudes εmaxp − ε
min
p can be as large as up
to ' 70◦ − 120◦.



















Fig. 1.— Numerically produced time series ∆εp (t) = εp (t) − ε0p, in
◦, of the pN gravitoelectric
variation of the obliquity εp to the ecliptic plane of a putative Earth-like netohotron orbiting a neu-
tron star with Mns = 1.4 M; both p and ns were assumed non-spinning and spherically symmetric.
They were obtained by simultaneously integrating the orbit-averaged equations for the de Sitter-
only rate of change of Sp (Barker & O’Connell 1975, Eq. (44) with Eq. (45)) over ∆t = 1 cty. The
initial conditions, corresponding to L̂, Ŝns, Ŝp arbitrarily oriented in space, are listed in Table 1.
The numerically integrated pN gravitomagnetic obliquity changes for the same initial
conditions of Table 1 are shown in Figure 2. They were obtained by considering only the
Lense-Thirring spin and orbital rates of change of the nethotron induced by the spin angular
momentum Sns of the host neutron star calculated with Equation (8). The integration interval is
∆t = 3 Myr. The temporal patterns turn out to be different from the purely gravitoelectric ones of
Figure 1, and the characteristic time scale is much longer, amounting to T ' 1 Myr. Also in this
case, the peak-to-peak amplitudes of the signatures are relevant, reaching even ' 50◦ − 100◦.
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Fig. 2.— Numerically produced time series ∆εp (t) = εp (t) − ε0p, in
◦, of the pN gravitomagnetic
variation of the obliquity εp to the ecliptic plane of a putative Earth-like netohotron orbiting a neu-





of both p and ns were set equal to zero. They were obtained by simultaneously integrating the
orbit-averaged equations for the Lense-Thirring-only rates of change of Sp (Barker & O’Connell
1975, Eq. (44) with Eq. (46)) and of L (Barker & O’Connell 1975, Eq.(64) with Eq. (69)) over
∆t = 3 Myr. The initial conditions, corresponding to L̂, Ŝpns, Ŝpp arbitrarily oriented in space, are
listed in Table 1.
Figure,3 displays the overall purely pN obliquity changes obtained by simultaneously
integrating the equations for the rates of change of both the nethotron’s spin and orbital angular
momentum due to the pN gravitoeletric and gravitomagnetic field of the host neutron star: the
quadrupole mass moments Jns2 , J
p
2 of both ns and p were set equal to zero. Also in this case, the
integration interval is ∆t = 3 Myr, and the initial conditions adopted are those in Table 1. It can
be noted that no mutual cancelation occur, amounting the amplitudes of ∆εp to tens and even
hundreds of degrees. It turns out that adding the classical shift of L due to the neutron star’s
quadrupole, calculated with Equation (4), does not alter the pattern of Figure 3.
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Fig. 3.— Numerically produced time series ∆εp (t) = εp (t) − ε0p, in
◦, of the total pN (de Sitter+
Lense-Thirring) variation of the obliquity εp to the ecliptic plane of a putative Earth-like netohotron
orbiting a neutron star with Mns = 1.4 M and S ns given by Equation (8). They were obtained by
simultaneously integrating the orbit-averaged equations for the de Sitter and Lense-Thirring rates
of change of Sp (Barker & O’Connell 1975, Eq. (44) with Eqs. (45)-(46)) and of L (Barker &
O’Connell 1975, Eq. (64) with Eq. (69)) over ∆t = 3 Myr. The initial conditions, corresponding to
L̂, Ŝpns, Ŝpp arbitrarily oriented in space, are listed in Table 1.
In Figure 4, I show the purely Newtonian obliquity variations of the nethotron due to its own
quadrupole mass moment Jp2 which displaces both its spin Sp and its orbital angular momentum
L, as per Eq. (44) with Eq. (47) and Eq. (64) with Eq. (71) by Barker & O’Connell (1975),
respectively. The initial conditions are those in Table 1, while the time span of the integration is
∆t = 10 d. The characteristic time is of the order of 6 d, and the peak-to-peak range of values
εmaxp − ε
min
p can be as large as ' 50
◦ − 100◦. Such high-frequency variations, which depend on the
characteristic physical features of the nethotron itself, are to be thought as superimposed to the
much slower pN ones of Figure 3.
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Fig. 4.— Numerically produced time series ∆εp (t) = εp (t) − ε0p, in
◦, of the classical variation of
the obliquity εp to the ecliptic plane of a putative oblate Earth-like netohotron orbiting a neutron
star with Mns = 1.4 M, assumed spherical. They were obtained by simultaneously integrating
the orbit-averaged equations for the Newtonian rates of change of Sp (Barker & O’Connell 1975,
Eq. (44) with Eqs. (47)) and of L (Barker & O’Connell 1975, Eq. (64) with Eq. (71)) due to Jp2
over ∆t = 10 d. The initial conditions, corresponding to L̂, Ŝns, Ŝp arbitrarily oriented, are listed in
Table 1.
In each of Figures 1 to 4, the impact of the very tiny and slow variations of the spin and orbital
angular momenta induced by the distant massive light source S turn out to be negligible. For any
practical purposes, the ecliptic plane can be considered fixed, and the obliquity time series can be
straightforwardly extracted from
Ŝ pz (t) = cos εp (t) . (24)
About the particular scenario I adopted, I stress that it is just for illustrative purposes of the
obliquity’s phenomenology under consideration. At a so close distance from its host neutron
star, the nethotron would face huge tidal effects which may importantly contribute to its overall





` = 2, becomes ∝ a−6 (Efroimsky & Makarov 2014, Eq. (65)); for such a tight orbit, terms of
degree even higher than ` = 2 may likely come into play as well. This indicates a powerful
level of heating of tidal origin. Its quantitative assessment-which is outside the scopes of this
work-would be of relevance for the nethotron’s ability to potentially sustain life one way or the
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other. If, on the one hand, the nethotron might even get semimolten and plastic for an excessive
tidal overheating, on the other hand, as pointed out by Patruno & Kama (2017), tidal heating may
even play a positive role should other sources of energy output from the neutron star cease sooner
or later. The dynamical features of εp which I previously illustrated occur also for larger values
of a with longer characteristic timescales, while the tidal deformations would get less and less
relevant.
3. Summary and conclusions
I looked at the possibility that potentially habitable rocky planets around neutron stars
receive visible light from a distant pointlike source like a main sequence star at about 1 au or
the gravitationally lensed accretion disk of a supermassive black hole at a distance such that it
looks like our Sun as seen from Earth. In such a scenario, the planet’s obliquity to the ecliptic
plane is a key factor in assessing its habitability since it controls the insolation at a given latitude
on its surface. Large and fast variations of the planet’s axial tilt would have an impact on its
long-term capability of hosting and sustaining life. It turned out that this may be just the case
for rather general initial spin-orbit configurations because of the classical torque exerted by
the host neutron star on the planet’s equatorial bulge and by the de Sitter and Lense-Thirring
changes induced on the planetary spin axis by the post-Newtonian field of the compact primary.
In particular, for initially non-aligned spin and orbital angular momenta, the obliquity of an
Earth-like rocky planet at, say, 0.005 au from a 1.4 M neutron star, corresponding to the smallest
admissible distance in the currently known habitable zone calculated for (isolated) neutron stars,
experiences variations which may be as large as ' 50◦ − 100◦ over characteristic timescales
ranging from about 10 d for the classical rate of change due to the planet’s oblateness to 3 Myr
for the post-Newtonian Lense-Thirring shift due to the neutron star’s spin angular momentum. In
view of such a distinctive feature, I suggested to name such planets as “nethotrons".
As directions for future work, I mention the need of revisiting the constraints on the radiative
output from the host neutron star, on the magnetic and atmospheric environments of the planet
when an additional external source of solar-like irradiation is present, and on the distance and
the spectral class of the latter one in view of the effect of the neutron star itself in order to
assure planetary conditions favorable to life. Furthermore, simulations aiming at determining the
Galactic population of possible solar-neutron star binaries and the probability of their detection
would be useful as well. Finally, also the consequences of a potentially relevant tidal heating of
the nethotron should be investigated in detail for tight orbits.
– 14 –
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